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(54) Optical fiber dad with low refractive index photocured composition 

(57) A clad optical fiber comprising a core and a 
cladding made of a material having a refractive index 
smaller than that of the core, wherein the cladding is 
made of a cured material comprising a perfluoropoly- 
ether or perfluorohydrocarbon backbone end capped 
with (meth)acrylate groups via urethane groups. 
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Description 

Field Of The Invention 

The present invention retates to low refractive index photo-curabie materials based on fiuorinated urethane acr- 
ylates. 

Background Of The in vention 

Most optfca. fibers consist of a doped or -d^-™ 
However, there are several cases in which .t may b « ^^^^ is bent. Additionally, the 

siliceous glass. Polymeric materials *^ b ' e ^ 

refractive index of polymers can be made much lower than * e f*^"£°nce angle for the incoming radiation. U.S. 

'"SSL* that require low refractive index coatings are ^X^S^ST^! RTS 
iasers) such as those described in co-assigned U.S. Pat. ^«^Ser^ No^^l^^nd 

fZ^le ind^so that the combination inner/outer ^ing can act as -aveg^ ^ ^ & 

The process currently used to coat glass f .bers wrth polymens extremely fast curing 

die. Acrylate-functional formulations are the most wdely used ^^^^^SSS^iM aforementioned 
rates, ease of synthesisand commercial ^^^^^^^^^^^eor^^ 
applications, it is necessary to ^^^^Z^^^Z to cilmvent this problem has been dis- 

the UV-curable formulation. e „n*hoci*»hiP | OW refractive index photo-curable compo- 

urethane groups. The cured matenal .s preferably weight %. preferably up to 

40 (meth)acrylate can be 

perf luorocyclohexylmethyl methacrylate; 



25 



30 



35 



45 



pentafluorobenzyl(meth)acrylate; 
pentafluorophenyl(meth)acrylate; 
perfluoronorborny!methyl(meth)acryiate; 
so iH-perfluoroisobornyl(meth)acrylate; 
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o CH 3 

F2C CF— CH 2 0 -C— C=CH2 

F3C^^CF3 



FC CF 

11 1 
FC^y\ /0^ c /CH=CH 2 
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F2C -QF2 CH 3 
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F2 C CF— CH 2 0 — C— CH = CH 2 

F3C^^CF3 



FC CF 

ii 



FC 



o 



CH3 
C=CH2 



25 F2Q CF2 

,CF^ « 



F2C^ V ^CH 2 — 0-C— CH=CH 2 



The Afunctional (meth)acrylates can include: 
2 t 2,3 i 3.4,4 l 5 l 5K)(rtafluorohexanediol-1.6-diacrylale 
perfluorocyclohexyl-1 ,4-dimethyl diacrylate 
polyperf luoroethyleneglycol diacrylate 
2,2,3,3-tetrafluoro-1,4 butanediol diacrylate 
45 hexafluoropentandiyl-1-5bis(acrylate) 
hexaf luorobisphenol "A" diacrylate 

CH 2 =CHC(0)OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 OC(0)CH = CH 2 
{CH 2 =CHC(0)OCH 2 CF(CF 3 p[CF(CF 3 )CF 2 0] 2 C 2 F 4 } 2 
Thedifunctional (meth)acrylates can alternatively include: 
2.2.3.3,4,4 t 5,5-octafluorohexanediol-1.6-diacrylate 
perfluorocyclohexyl-1 ,4-dimethyl diacrylate 
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polyperfluoroethyleneglycoldiacrylate 
2,2,3.3-telrafluoro-1 ,4 butanediol diacrylate 
hexaf luoropentandiyl-1 -5 bis(acrylate) 
hexaf luorobisphenol "A" diacrylate 

CH 2 =CHC(0)OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 OC(0)CH = CH 2 
{CH2 =CHC(0)OCH 2 CF(CF 3 )0[CF(CF 3 )CF 2 0] 2 C 2 F 4 } 2 



ti T !^ Clad !L bef f 311 156 P re P ared by 00311 "9 *ie optical fiber with a layer comprising the perfluoropolyether or oer- 
fluorohydrocarbon backbone end capped with (meth)acry.ate groups via urethane groups arta^SrSwZZaton 

TccTh- T 9 J ayer °' ° PtiCal ,iben The ' ayer ^ be cured by «PO-"B ft. layer to raSiation " 
ca. flb^wtre inZ *! Pr6Sent inVenti ° n ' there * provided a imposition useful for making a clad opti- 

cal fiber wherein the composrtion has a refractive index smaller than that of the optical fiber and wherein the 
ton comprises a perfluoropolyether or ped.uorohydrocarbon backbone end J^^^SSSS^^SS^ 
urethane groups and a photopolymerization initiator. The cured material can be derived taSTtaSS diol havina 

ZTZT^T The cured , mater " 1 can bederived from the reaction -*.ita^!2^5CS 

orl^S "ST 8 * ° f PO,y(m8th)acryla,e - ^ e composition can comprise from 30-100% bright 

to StoSS ° ? Ur6thane 9rOUPK:0ntainin9 (^th)acrylate. up to about 70 weight %. preferablyup 
o» . 1 UOnnated ( meth )acrylate monomer or mixtures of monomers, and up to about 50% by wt preferably ut> to 

be obtained from an oligomer having the formula ^«»h«»uo" i^n 

X-O-C(O)-NH-R 1 -NH-0(O)-R 2 -C(O)-NH-R 3 -NH-C(O)-O-Y 
where X and Y are independently 

[-C v (R 4 )(R 5 )-0-] r C(0)-C(R 6 )=CH 2 



or 



-C v (R 4 )(R 5 )-C(R 7 )3. t -[-CH 2 -0-C(0)-C(R 8 )=CH 2 ] t ; 
v is an integer from 1 to 10. r is an integer from 1 to 10. and 
1 £t£3; 

^^.r 3 a Z^ d ^ n6entiy - ,inear - branched or cyclic alkylene of from four to twenty carbon atom that may be 
aK 9r ° UPS ^ 35 ar ° matiC " ^ ^ R3 inde P ende ^ are optionaHyTuStutS 

R 2 is a fluorinated carbon-based chain with a fluorine content between about 25 % and about 70 % by weight and 

s£urture R6 ' R? R8 independently bydrogen. methyl, ethyl or propyl. R 2 can be a fluorinated ether with the 

-0(CH 2 -CH 2 -0) n -(CF 2 -CF 2 -0) p -(CF 2 -0) q .(CH 2 -CH 2 -0) n - 

-0(CH 2 CH 2 0) n CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0(CH 2 CH 2 0) n - * 

-OCH 2 CF 2 O(CF 2 CF 2 O) p (CF 2 0) q CF 2 CH 2 O- 

-{OCH 2 CF(CF 3 )0[CF(CF 3 )CF 2 0] 2 C 2 F 4 } 2 and 

-OCH 2 CH(OH)CH 2 OCH 2 CF 2 O(CF 2 CF 2 O) p (CF 2 0) q CF 2 CH 2 CH(OH)CH 2 O- 
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-0-CH 2 -(CF 2 ) r CH 2 -0- 



in which 3 £ i £ 20 
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where0£nis5, 0.2 s; 
500 and 10,000; whei 
and Y can be 




-CH 2 -CH 2 -0-C(0)-CH =CH 2 ; 



TO 



R 1 and R 3 are th< 
of n is between 1 




HO(CH 2 CH 2 0) n (CF 2 CF 2 0) p (CF 2 0) q (CH 2 CH 2 0) n H 
HO(CH 2 CH 2 0) n CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0(CH 2 CH 2 0) n H 

HOCHaCFgOCCFaCFsOJpCCF^qCFzCHzOH. 

HO CH 2 CH(OH)CH 2 OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 CH(OH)CH 2 OH, or 
{HOCH 2 CF(CF 3 )0[CF(CF 3 )CF 2 0] 2 C 2 F4} 2 . 
The (meth)acrylate can be hydroxyl group-containing 



CH 2 =CH-C(0)0-CH 2 CH 2 OH. 
CH 2 =CH-C(0)0-CH 2 CH(CH 3 )OH, 
CH 2 =CH-C(0)0-CH2CH 2 CH 2 CH 2 OH. 
CH 2 =CH-C(0)0-CH2CH(CH 2 CH3)OH, 
CH 2 =CH-C(0)0-CH 2 CH 2 O-lC(0)(CH 2 ) 5 -O-] 2 -H, 
CH 2 =CH-C(0)0-[CH 2 CH 2 0] n -H. 



(meth)acrylate monomer can be a fluorinated rigid molecule with (meth)acry.ate functionality. 



or 



40 



[CH 2 =CH-C(0)0-CH 2 ] 3 OOH. 
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perfluorocyclohexylmethyl methacrylate; 
pentafluorobenzyl(meth)acrylate; 
pentafluorophenyl(meth)acrylate; 
perfluoronorbornylmethyl(meth)acry!ate; 
1 H-perfluoroisobornyl(meth)acrylate; 
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jj> CH3 

F2(j: ^F— CH20— C— C=CH2 

°X'° 
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FC. y\ CH=CH2 
Nd CH2^ 



25 F2C CF2 f H3 

1 CF^ yO. /C=CH2 
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O 
II 

F2C CF— CH2O— C-CH — CH2 




F3(T CF 3 



T7 

FCX X\ 



CH3 



^f F2 

CF II 
FsC^ / ^CH2— O— C — CH =CH 2 



According to a further aspect of the invention, there is provided a composition useful for making a clad ^tolfib«r 
T?r» n ril of 1 00%*ninV an elongation at break greater than 20%; and a tensile strength greater than 8 MPa (at 1 00 A> 
dingf^ani^ 

Sn conprise a laser; and core can contain eroium. ytterbium or neodyn.um.. erb.um and ytterbium. Both core and 
Pl ^n" g 9 foaS 

■no 2 ^sSTna^ansparency>or transmitting electromagnetic wave energy of a first wavelength, *e core be.ng 
encom^ 

Jng S aSerice with an enveloping second cladding, the second dadding be,ng denved from any one of the 
"XTSS ends can be end-capped with alkoxysilane groups with the balance being end-capped 

^C^Setates to a composition having a low refractive index which is a *«^XS£ 
is surtable for use as a cladding for optical waveguides. The coating of the .nstant .nvent,on .s based on a f luonnated 
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backbone end-capped with (meth)acrylate groups via urethane bonds. The fluorinated backbone provides the low 
refractive index, whereas the hydrogen bonding from the urethane bonds provides both high viscosity in the liquid coat- 
ing and mechanical strength in the cured coating. The coating formulation can optionally have up to about 70 wt% of a 
fluorinated (meth)acrylate monomer, and up to about 50 wt% of a di- or multi-functional (meth)acrylate which may or 
may not contain fluorinated moieties. In addition, the formulation contains between 0.1 and 8 wt% photoinitiator, and it 
may contain other additives such as antioxidants and adhesion promoters. The coatings of the present invention have 
refractive indices ranging from about 1 .37 to 1 .41 . 

Detailed Description Of The Invention 

The present invention more specifically comprises a composition based on an oligomer with the following general 
formula: 

X-0-C(0)-NH-R 1 -NH-C(0)-R 2 -C(0)-NH-R 3 -NH-C(0)-0-Y 
where X and Y are independently 

f-C v (R 4 ){R 5 )-0-] r C(0)-C(R 6 ) =CH 2 



-C v (R 4 )(R 5 )-C(R 7 ) 3 . t -[-CH 2 -0-C(0)-C(R 8 )=CH 2 ] t 
where v is an integer from 1 to 10, r is an integer from 1 to 10. and 1 £ t £ 3. 

R 1 and R 3 are independently, linear, branched or cyclic alkylene of from four to twenty carbon atom that may be 
optionally substituted with groups such as aromatic rings or R 1 and R 3 independently are optionally substituted 
arylene groups; 

R 2 is a fluorinated carbon-based chain with a fluorine content between about 25 % and about 70 % by weight. 
Examples of suitable R 2 structures include 

-0-(CH 2 -CH r O) n -(CF 2 -CF 2 -0)p-(CF 2 -0) q -(CH 2 -CH 2 -0) n - 

-0(CH 2 CH 2 0) n CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0(CH 2 CH 2 0) n - 

-O CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0- 

-{OCH 2 CF(CF3)0[CF(CF 3 )CF 2 0] 2 C 2 F4} 2 and 

-O CH 2 CH(OH)CH 2 OCH 2 CF 2 0(CF 2 CF 2 0)p(CF 2 0) q CF 2 CH 2 CH(OH)CH 2 0- 

-0-CH 2 -(CF 2 ) r CH 2 -0- 

in which 3 £ i £ 20 

where 0 <; n <£ 5, 0.2 <: p/q s 5, and the actual values of p and q are such that the molecular weight of R 2 is between 
500 and 10,000 and wherein the repeating fluorinated ether groups may be random or block repeating units. 

R 4 R 5 , R 6 , R 7 and R 8 are independently hydrogen, methyl, ethyl or propyl. 

In a preferred embodiment, both X and Y are 

-CH 2 -CH 2 -0-C(0)-CH =CH 2 , 

R 1 and R 3 are the isophorone residue, the molecular weight of R 2 is between 1.300 and 3,300, the average value of n 
is 1 .5, and 0.8 ^ p/q ^ 1 .25. 

The synthesis of the above oligomers can be described by the following scheme: 
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H-R 2 -H+2 OCN-R'-NCO 



OCN-R^NH-CCO^-CCO-NH-R^NCO 
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OCN-R 1 -NH-C(0)R 2 -C(0)-NH-R , -NCO+2HO-CH 2 CH a -0-C(0)-CH=CH 2 _ 

CH,=CH-C(0)0-(CH 2 ) 2 0C(O)NH-R I -NHC(0)R 2 -C(O)-NH-R 1 NHC(O)O(CH 2 ) 2 OC(O)CH=CH 2 



It has further been found that a preferred material for coating of optical fibers is a material haymg an elastic modu- 
lus of at least about 12 MPa measured at a strain rate of 0.1 % /min.at room temperature (23-C). In a more preferred 
embodiment, the materia, used for coating the optica, fibers has an ^"^"f^^^E^ 
ured at a strain rate of 0.1 % /min. at room temperature (23°). The modulus value depends upon the rate of the meas 
urement. The modulus values reported in this paragraph wou.d change to 53 MPa and 120 MPa, 'especfcvdy. . *e 
measurement strain rate is 1 00 % /min. Unless otherwise noted, the modulus values .n th.s document were measured 

31 ° "I migrbe^edlat a materia, having an elastic modulus of less than 12 MPa (at 0.1 % /min. strain rate) can be 
employed to coat optical fibers if the coated optical fiber is subsequently coated wrth a tougher matenal to prov,de a 
desired level of handleability. 

Examples of fluorinated diols for the urethane backbone include: 

HO(CH2CH 2 0) n CH 2 CF 2 0(CF 2 CF 2 0)p(CF 2 0) q CF 2 CH20(CH2CH20) n H 
HO CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 OH 
{HOCH 2 CF(CF3)0[CF(CF 3 )CF 2 0] 2 C 2 F 4 }2 and an example of a tetrafunctional diol is: 
35 HO CH 2 CH(OH)CH 2 OCH 2 CF 2 0(CF 2 CF2O)p(CF 2 0) q CF 2 CH 2 CH(0H)CH 2 0H 

The urethane oligomers of the general formula shown above can be used alone or optionally inj admixture ! with up 
to 70 % by weight, preferably up to 35 % by weight, of a fluorinated(meth)acrylate monomer or mixture of monomeis 

fU 7o Uy we, y ,,l » _ . . . L .... : .lx ~* ~ -i: ~ m ,.i«-.f..nHi ft nal /motMar.rvlate which IS ODtlOnallV 



Urinated. The possible additive materials include, for example 1H, 1H, 7HKJodeca-fluoroheptyl acrylate (DFHA). per- 
fluoro-cyclohexylmethyl acrylate (PFCHMA), octafluoro hexanediol diacrylate (OFHDDA). 
Examples of monofunctional fluorinated (meth)acrylates include: 



2-(N-butyl perfIuorooctanesutfbnarnido)ethyl acrylate 
2-(N-butyl pert luorooctanesuKonamido)ethyl methacrylate 
2-(N-ethyl perfluorooctanesulfonamido)ethyl acrylate 
so 2-(N-ethyl perfluorooctanesulfonamido)ethyl methacrylate 
1,1-dihydroheptafluorobutyl acrylate 
1.1-dihydroheptafluorobutyl methacrylate 
1 , 1 -dihydroperf luorooctyl acrylate 
1,1-dihydroperfluorooctyl methacrylate 
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1 H, 1 H, 7H-dodecaf luoroheptyl acrylate 
1H, 1H, 7H-dodecaf luoroheptyl methacrylate 
1H, 1H, 1 1H eicosafluoroundecyl acrylate 
1H, 1H, 11H eicosafluoroundecyl methacrylate 
1H, 1H, 2H, 2H-heptadecafluorodecyl acrylate 
1H, 1H, 2H, 2H-heptadecafluorodecyl methacrylate 
1H, 1H, 9H-hexadecafluorononyl acrylate 
is 1H, 1H, 9H-hexadecafluorononyl methacrylate 
1 H, 1 H, 5H-octaf luoropentyl acrylate 
1H, 1H, 5H-octaf luoropentyl methacrylate 
perfluoroheptoxy poly (propyloxy) acrylate 
perfluoroheptoxy poly (propyloxy) methacrylate 
25 C 4 F 9 OCF(CF3)CF 2 OCF(CF 3 )CH 2 OC(0)CH=CH2 

CF30(CF 2 CF 2 0)p(CF 2 0) q CF 2 CH20-C(0)CH= s CH 2 
CF 3 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0(CH 2 CH 2 0) n -C(0)CH =0^ 
perfluorocyclohexylmethyl acrylate 
perfluorocyclohexylmethyl methacrylate 
Examples of hydroxyfunctional acrylates include: 

CH 2 =CH-C(0)0-CH 2 CH 2 OH 
CH 2 =CH-C(0)0-CH 2 CH(CH3)OH 
CH 2 =CH-C(0)0-CH 2 CH 2 CH 2 CH 2 OH 
CH 2 =CH-C(0)0-CH 2 CH(CH 2 CH 3 )OH 
CH 2 =CH-C(0)0-CH 2 CH 2 0-[C(0)(CH 2 ) 5 -0-] 2 -H 
CH 2 =CH-C(0)0-[CH 2 CH 2 0] n -H 

triacrylate: 

so 

[CH 2 =CH-C(0)0-CH 2 ] 3 C-CH 2 OH 
Examples of difunctional acrylates include: 
55 2,2,3,3,4.4,5,5-octafluorohexanediol-1.6-diacrylate 
perfluorocyciohexyl-1 ,4-dimethyl diacrylate 
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polyperfluoroethyleneglycol diacrylate 

2,2,3,3-tetrafluoro-1.4 butanediol diacrylate 

hexaf luoropentandiyl-1 -5 bis(acryiate) 

hexaf luorobisphenol "A* diacrylate 

* CH 2 =CHC(0)OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 OC(0)CH=CH 2 

{CH 2 =CHC(0)OCH 2 CF(CF 3 )0[CF(CF3)CF 2 0] 2 C 2 F 4 }2 
./min). The present preferred coatings are distinguished by hawng m w m k ch ^ 

cySate. 1 .4-cyclohexane diisocyanate. 1 .3-cyclohexane diisocyanate, .sophorone d„socyanate. 
OCN-CH2-CH(CH 3 )C(CH 3 ) 2 CH 2 CH2-NCO. 
OCN-CH 2 -C(CH3)(CH3)CH(CH3)CH 2 CH 2 -NCO. 
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anatomethyI)cyclohexane, 1.3-bis(isocyanatomethyl)cyclohexane. and transcyclohexane- 1 ,4-diisocyanate, aromatic 
diisocyanates, such as m-phenyiene diisocyanate, p-phenylene diisocyanate, 4,4-diphenyl diisocyanate. 1 ,5-naphtha- 
lene diisocyanate, 4,4-diphenylmethane diisocyanate, 2,4- or 2,6-tolylene diisocyanate, 4,4'-toluidine diisocyanate, 
dianisidine diisocyanate, 1,3-bis(1-isocyanato-1-methylethyl)benzene and 4,4'-diphenyl ether diisocyanate, araliphatic 
diisocyanates, such as o^'-diisocyanato-l, 3-dimethylbenzene, ©.co'-diisocyanato-l^-dimethylbenzene, co'-diisocy- 
anate-1, 4-diethylbenzene, a,a,a\aMetramethyl-m-xylylene diisocyanate and a,a,a\a'-tetramethyl-p-xylylene diisocy- 
anate. The polyisocyanate can be used alone or in combination of two or more thereof. 

A solvent may optionally be used for preparing the present urethanes and. if any solvent is used, it is preferable to 
use one which is inert to the above described diisocyantes. 

Illustrative solvents which can be used include ethyl acetate, butyl acetate, methyl ethyl ketone, dimethylformamide 
1 , 1 ,2-trichlorotrifluoroethane and tetrahydrofuran. 

A catalyst can optionally be employed for promoting the urethane formation reaction. 

Illustrative catalysts include organic tin compounds such as tin octylate or dibuty-tin dilaurate, or tertiary amines 
such as N-methylmorpholine or triethyl amine. 

The instant compositions can be cured by radiation or by thermal means. The radiation curing can be carried out 
by particle radiation of an electron beam or ionization, or a chemical beam such as ultraviolet rays. Photopolymerization 
is a preferred curing means in the presence of a photoinitiator. 
Examples of the photo-polymerizing initiator specifically include 
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(CH3.2N 




N(CH 3 ) 2. 
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Trigone 121 (manufactured by Azo Co.). Darocure 1664 (manufactured by E. Merck Co.). UMracure DRX (Sherwin-Wil- 
Hams Co.) and TBA (manufactured by BASF Co.). etc. 

The details of the present invention are illustrated in the following examples. 

Example 1. 

0 54a BHT (polymerization inhibitor) was dissolved in 87.3 ml isophorone diisocyanate (IPD.) ^ 

E * ""E^SloMOF^lHOF^), (OH^OVH where n~ 1.6,0.84 p/qs 1.25, and Hie mo***, 
weight is approximately 2100. hydroxyethyi acrylate was 

^^r^rcs 

""iSSSi "SSES-SSS^i h Example 1 has a ve„ K* eta** MM . « ™S 

aa.re^^ LT -.~ 

^r^lIinlH ..nnn «ire On the other hand the use of monofunctional monomers will produce lower modulusjuDDery 

o e s^e u s 

can be slightly increased or decreased according to the refractrve .ndex of the monomer added. 
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In order to improve the adhesion of this coating to glass, an alkoxysilane functionality can be incorporated into the 

oligomer as described in co-assigned U.S. patent application No. entitled CURABLE COATINGS 

WITH IMPROVED ADHESION TO GLASS. Thus, a certain percent of the oligomer molecules will consist of amphifunc- 
tional molecules with a (meth)acrylate on one end and an alkoxysilane on the other end. These amphiphilic molecules 
work as coupling agents tying the glass substrate to the coating polymer network. 

The following examples illustrate the synthesis of the oligomer containing the alkoxysilane coupling agent and the 
effect of different monomers and different compositions on the viscosity, modulus and refractive index. 

Example 2. 



0.54g BHT (polymerization inhibitor) was dissolved in 87.3 ml isophorone diisocyanate (IPDI) under a dry air purge. 
After a few minutes, 0.26 ml dibutyl tin dilaurate (DBTDL) (catalyst) was added. The mixture was heated to 50°C. 250 
ml Fomblin Fluorolink-E (Ausimont) was slowly added under dry air and constant agitation. The temperature of the 
reacting mixture was raised to 70°C. After 2 hours, 7.2 ml aminopropyl-trimethoxysilane was added. This amount cor- 
responds to 1 0 % of the available isocyanate reactive groups. The amine group reacts with the isocyanate group to form 
a urea linkage. The reaction was allowed to proceed for 16 hours. Then, 44.3 ml hydroxyethyl acrylate was added. The 
reaction was allowed to proceed for 7 hours. Completion of tbe reaction was confirmed by the disappearance of the 
NCO infrared peak at 2270 cm-1. The product consists of about 81 % of the diacryiated oligomer, and about 18 % of 
amphifunctional (acrylate - alkoxysilane) oligomer. 

Example 3. 



The product from Example 2 was mixed with 1 % Darocur 1 1 73 and different amounts of 1 H,1 H,7H<iodecaf luoroheptyl 
acrylate (DFHA), perfluorocyclohexylmethyl acrylate (PFCHMA), octafluoro hexanediol diacrylate (OFHDDA) 
eicosafluoroundecyl acrylate (EFUA), or FX-189 (2-N-butylperfluorooctanesulfonamide) ethylacrylate supplied by 3M)! 
The following table shows the elastic modulus and index of refraction for UV-cured films with these compositions The 
data were taken at 23°C. 



Table 1 



Properties of the oligomer from example 2 blended with different materials 

and UV- cured 


COMPOSITION 


MODULUS (MPa) 


REFRACTIVE INDEX 


100% oligomer 


38.0 


1.380 


14% DFHA 


9.5 


1.378 


25.5 % DFHA 


4.0 


1.376 


20 % PFCHMA 


13.8 


1.380 


30 % PFCHMA 


6.4 


1.380 


7% OFHDDA 


45 


1.383 


14% OFHDDA 


66 


1.388 


30% FX-189 




1.386 


23 % FX-189+23 % EFUA 




1.379 I 



The preceding table shows that the elastic modulus can be significantly improved by using difunctional monomer 
such a OFDDA. However, the refractive index using this monomer is slightly higher. On the other hand, a lower index 
can be achieved by using a monomer with a higher percent of fluorination (such as DFHA), but the elastic modulus is 
lower because the use of the monomer decreases the crosslink density. x 

Example^ 

The oligomer from Example 2 was blended with different amounts of DFHA. The following table gives the viscosities of 
the blend at room temperature (Brookfield viscometer, 20 rpm). 
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Table 2 



10 



15 



20 



Viscosity of different oli- 
gomer/monomer blends at room 
temperature 


WT% DFHA 


VISCOSITY (CP) 


14.4 


51,000 


22.4 


12.300 


23.9 


8,000 


25.0 


6,900 


30.0 


4,300 



The elastic modulus of the cured films is somewhat hfcher rftte alKoxysiiane described in Examp.e 2 is not used, 
because a higher crosslink density can be achieved. 



30 



Example 5. 

The oHgomer from Example 1 was blended with 1 1% Darocur 1 173 and U% od- fuorohexanediot diacrylate. The 
Las^ulus of cured films at 23'C is about 80-120 ^V^^^^^ acry , at6 . This is iUus- 
25 Another way to increase the modulus of the coatmg is to endcap the oligomer wrth a poiytunct o 

trated in the following example: 
FxampleC. 

O.O^HT^d-tvad.na.ae^Dt^^^^^ 

„ S^ITtwnotatcta-l aerylate and hall end-oappad wHh a afunctional aerylala. 
gyamole 7. 

The oligomer from Example 6 v^s n^xed w,h 1 w.% Darocur 1 1 73 arKf then UV^ 
modulus of 45 MPa and a refractive index of 1 .390 at 23°C. 

Exam ple 8. 

tough enough to P»*e adequate machanic^oc^t^ 

55 add. in addition to OFHDDA, a very low index drfunctional f J us tQ0 

supplied by 3M) can be added to .ower on cured films 

much. However, these formulations may be somewhat haz* ™ 1 (above) and 1 % Darocur 1173. 
using these approaches. The base formulation comprises the oligomer from Example 1 taoovej a 
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10 



% OFHDDA 


% PDFHMA 


% L9367 


modulus (MPa) 


refractive index 


19 


5 


0 


107 


1.3884 


17.1 


7.4 


0 


71 


1.3847 


18 


4.7 : 


5.25 




1.384 


19 




9 


78.5 


1.3831 



75 



20 



25 



30 



rn™^th?t PrC f Ch S : 0btalnin9 a hi 9 h modu,us coatin 9 with °* paying a high refractive index penalty is to add a 
^J2J co J* ute tOWards a hi 9 h 9 ,ass transrt ™ temperature. This component should have a L refractive 
index and should be able to react into the (meth)acrylate network. 

Surtable materials are highly f luorinated rigid molecules with (meth)acrylate functionality. The rigidity in the mole- 
S££SX ^ ? PreSePCe ° f rin9S W * foUr t0 e * ht *■ ™^ or by bicydi/or Incite 

aSS^^ f l° mat : C ° r aHphatiC ' ^ thG ,8tter are Preferred because of their tractive index. In 

addition, the methacrylate functionalrty provides a higher rigidity than the acrylate functionality. 

Examples of rigid (monofunctional) (meth)acrylates include: 

perfluorocyclohexylmethyl methacrylate 

pentafluorobenzyl(meth)acrylate 

pentafluorophenyl(meth)acrylate 

perfluoronortornylmethyl(meth)acrylate 

1 H-perf luoroisobornyI(meth)acrylate 
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O CH 3 

F 2 C CF-CH 2 O— i=CH 2 



F 3 (r^CF 3 



FC CF 



CHz 

8 



FC. JL JX^CH=CH 2 



F 2 C CF 2 CH 3 
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w 



15 



20 



25 



30 



35 



40 



45 



50 



o 

p 2f CF-CH 2 O— B-CH=CH; 




CH 2 



F 2 C CF 2 

f2 ^ A i? 



Si ^ appl,cat.on isperfluorocydohexylmemylmethacrylate. When homopolymerized this 

the J!T. temperature in exces * of 100%. Therefore when this material S^SKlS JS 

the urethane-acrylate coatmg, it will raise the glass transition of the overall formulation If me atessTn^S 

muchSth^ 

zt z isssftrssKs to react than acry,ates - so * — speed is - issue - •» 



55 Example 9. 



^STi 6 i H ynthe S 2e S aS d6SCrlbed in Example 1 (above > was mixed wl * dWerent amounts of 2 2 3 3 4 4 5 5 - 
octafluoro.1 t 6,hexaned l old,acrylate (OFHDDA) and perfluorocyclohex^methylmethacrylate (PFCHMMAj S fsh^n in 
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10 



15 



20 



ID 


%OFHDDA 


% PFCHMMA 


modulus (MPa) 


refractive index 


A 


0 


10 


43 


1.3818 


B 


0 


14.9 


67 


1.3826 


C 


0 


20 


39 


1.3827 


D 


0 


25 


28 


1.3832 


E 


5 


10 


75 


1.3836 


F 


5 


15 


76 




G 


5 


20 


69 


1.3844 


H 


10 


10 


' 74 




I 


14 


6 


86 





25 



30 



35 



this material is a consequence of the glass transition being higher than room temperature. 
Formulation E has the following physical properties: 

a) in the liquid state 
viscosity: 58,000 cP at 23°C 

b) in the cured state 
refractive index: 1.3836 at 633 nm and 23°C 
glass transition temperature: 57°C 

elastic modulus at 23°C and strain rate of 0.1 % /min: 75 MPa 
elastic modulus at 23°C and strain rate of 100 % /min: 292 MPa 
elongation at break 30 % 

tensile strength (strain rate of 100 % /min): 12.8 MPa 
Brief Desrciption Of The Drawing 

Fig. 1 is a cross-sectional view of a preferred triple-clad structure. 
Fig 2 is a cross-sectional view of a double-clad structure. 
55 Fig 3 is a perspective view showing a dadding-pumped device in fabrication^ 

Fig. 4 is a perspective view showing a cladding pump structure coupled to a diode array. 



40 



45 



50 



22 



BNSDOCID: <EP 0B51246A1_I_> 



EP0 851 246 A1 

Detailed Dgserjpjjao 

ttuttlH ffiTfl Sn^ C ' Ud K^ b6r S rUCtUreS haV,n9 C ' adding - ° ne p0Ssible em bod""ent includes a double clad 
2SS£i?.^ 1 embodiment is a triple-lad structure (Fig. 1). The triple clad structure consists of a cen- 
STS^Sno^^^^r^ ^ Cadding 11. The pump cladding forms an interface 12 

T^p wnif h,h 9 J d C add " 19 14 formS 3 m0re nearly circular interface 15 with th e second cladding 13 
vm^SSS^SX" WaS , COnstrt ," ted °! silica - based 9 ,ass cor e. Pump clad and a second clad which can be pre- 
pared from the present compositions, all enveloped by an organic polymeric coating 

and ^SS^ 8 ^^ 0 ^-. 2 C ° nSiStS ° f °° re 20 and ,irst claddin9 21 ' generally of silica-based glass, 
and final polymeric cladding 22. forming interface 23 with the inorganic glass structure The Fiq 1 structure retains tS 
operating characteristics of Fig. 2. but facilitates cleaving. 9 " structure reta,ns ^ 

of nrfr,^^ 6 ?^ 6 !!, 83 Cir ! U ' ar imerfaCe 030 a,S0 be em P'°y ed - However, with the shaped interfaces, the probability 
9 T** **** ' S decreased - Fabrication of that polygonal interface is farilitated by mel procSna as 
described in copending US. patent application Serial No. 08/561 .682 filed on processing as 

The structures shown in Figs. 1 and 2 provide for containment of energy in the pump cladding In Fig 1 the function 
D e rml? a hTl ymer . interfe u e 0ff6rS an ° Peratin9 advarrta 9e. differential index of refraction may be far greater than 

.i=J! 8Ct,Ve op ? ration of the claddin 9 P"mped laser depends on collection area. In the double clad structure the outer 
cladding serves for accepting and transferring introduced energy into the pump clad, and is a part of tfTe S ection a£a 

tranlSXf C?HT 5 ° diment St " ^ "«™«*** tha * <* *. smooth featureless surfacTof 

ransm.ss.onf.ber. The cladding surround the pump-cladding (the second cladding) is desirably of sufficient thickness 

S Z?!^ 8 in the ^ SUriaCe ^ P^adding. To achieve this purpose tii ^LSSSSE 
m,?m V ^f 58 S ° meWhat 0reater than the difference between the 'adially measured mining m anTmtd 
fusion S Claddma ^ W daddin9 °* the invention serves a as weiusa p^oteTe 

usuaSll^I^rfHT 1 r a t l, C ° mbined 9 ' aSS C,addi " 9S is always desired for co,,ection efficiency. For the 
X? £T2 hT^ ? ' f ° r 1,16 ,0ta ' cross - section a' area of a conventional 125-150 M m diameter communication 
fiber, the clad/core ratio of cross-sectional areas is generally in the range of 1 00-300. UsuaHy thelSnLSon t»E 

rthXrtXS^ 

mJwtlf'T fr ° m i! J S . ! atent 5 ' 268 ' 978 ' 001 substituting a preferred trough-containing structure, shows an arrange- 
ZZSyfTA ° de ^ 1116 C ' adding Pump Structure 40 is tri P ,e - dad and is constituted oTSr^um; 
rtlfsr^S 3 !* 3 - and third dad 1,18 ener 9y WM for PU"foin9 structure 40 is a diode arl^nsfeZ 
of four diodes 46 within a suitable encapsulant 47. Diode radiation is depicted as cones 48. collerted L7cyHnSca lens 

which SS? 0 " 50 iS r ad6 inCid6nt ° n 9UideS 51 WhiCh are bundled 10 yie ' d a ™* 52 oVernSX radl ST 
which is focused by convex lens 53 to form beam 54 directed to structure 40. raa.ai.on, 

Example 10. 

Several kilometers of silica fiber were drawn and coated with formulation E described in Example (9) The alass diam- 
Example 11. 

tm^T^aTt^TJnZ "r^T USing ! h9 COating f ° rmulati0n E ^ 8truc1ure of *• listed of a 
silica , core (diameter 6 pm) doped with ytterbium, a silica cladding with a "star" shape (as described in co-assianed U S 

Pa . App , cation Senal No. 08/561 .682) ami an average diameter of 1 30 ^m. and the cu^^ 

S 2 ATadTno 2^S£T 250 ^ ™ S dad ,iber is very SSS^SSS See 

laser b^^^ ,aser was with this «°er. A few tens of meters of this fiber were made into a 

J 9 < f o,»° r ° n ° nS 6nd and an ou1put coup,er on 1,16 other end. The high reflector in turn was 
spl ced to the output of a 1.2W laser diode (Rgure 5). The device worked very well, showing a slope effSencJ of 6?! 

Z^ESE^ Sl T 6ffiCienCy • the effiCienCy With *** pum P rad ^ <=an be isorS JnS^S2S?>^S5 

S n«n aterial f' PartiCuhr ' *" aCtiV6 material in 106 ,iber core >- Fiaur a 8 showXSput S^e 
of the fiber laser at 1 060 nm as a function of the input pump power at 91 5 nm. 
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All of the citations referred to in this application including technical articles, foreign and U.S. patents and U.S. patent 
application are expressly incorporated by reference into the present application. 

^e present invention has been described in some detail by way of illustration and example for purposes of clan* 
of S gTwil. be evident to those skilled in the art that certain changes and modtam may be practiced 
• without departing from the spirit and scope of the present invention as described in the specif .cation and as defined ,n 
the appended claims. 

Claims 

10 1 . A clad optical fiber comprising a core and a cladding made of a material having a refractive index smaMn that 
of the core, wherein the cladding is made of a cured material comprising a pert luoropolyether or perf luorohydrocar 
bon backbone end capped with (meth)acrylate groups via urethane groups. 

2. The clad optical fiber of claim 1 . wherein the cured material is derived from a f luorinated diol having repeating ether 
15 groups. 

3. The clad optical fiber of claim 2, wherein the cured material is derived from the reaction of the f luorinated diol with 
a diisocyanate and a hydroxy-containing mono-, di, or poly(meth)acrylate. 

The clad optical fiber of claim 1. wherein the cured material is obtained from a mixture of the urethane group con- 
taining (meth)acrylate and a photoinitiator. 

The clad optical fiber of claim 4. wherein the cured material is obtained from a mixture comprising frorn 30-100 % 
£ weSt^p Seraoly 65 %-95 % by weight of the urethane group-containing (mesylate, up ,U» jbout 7 _we^ht 
J oreferablv up to 35 % of f luorinated (meth)acrylate monomer or mixtures of monomers, and up to about50 % 
by wl p^rSy up to 35 % of a di- or muHi-functiona. (meth)acrylate which is optionally f luorinated or mixtures 
thereof. 

6. The clad optical fiber according to claim 1 . wherein the cured material is obtained from an oligomer having the for- 
30 rrtula 

X-O-C(0)-NH-R 1 -NH-C(0)-R 2 -C(O)-NH-R 3 -NH-C(0)-0-Y 



20 
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35 



where X and Y are independently 

[-C v (R 4 )(R 5 )-0-] r C(0)-C{R 6 )=CH 2 



or 



•CvCR^lR^-CCR^a-rl-CHz-O-C^-CCR^^CHdt; 
v is an integer from 1 to 10, r is an integer from 1 to 10, and 1 ^ t ^ 3; 

Ri and R 3 are independently, linear, branched or cyclic alkylene of from four to twenty cartoon atorns XhaXmsy 
be optionally substLed with groups such as aromatic rings or R and R independently are optonally subst,- 
tuted arylene groups; 

R2 is a f luorinated cart>on-based chain wrth a fluorine content between about 25 % and about 70 % by weight 
and 

R 4 . R 5 , R 6 . R 7 and R 8 are independently hydrogen, methyl, ethyl or propyl. 
7. The clad optical fiber according to claim 6. wherein R 2 is a f luorinated ether with the structure 
55 0(CH 2 -CH r O) n -(CF2-CF 2 -0)p-(CF 2 -0) q -(CH 2 CH 2 .0) n - 

0(CH 2 CH 2 0) n CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0(CH 2 CH 2 0) n - 
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<>CH 2 CF 2 0(CF 2 CF 2 O) p (CF 2 O) q CF 2 CH 2 O- 
-{OCH 2 CF(CF 3 )0[CF(CF 3 )CF 2 0] 2 C 2 F 4 } 2 and 

-OCH 2 CH(0H)CH 2 OCH 2 CF 2 O(CF 2 CF 2 O) p (CF 2 0) q CF 2 CH 2 CH(OH)CH 2 O- 
-0-CH 2 -(CF 2 )i-CH 2 -0- 
in which 3 S i s 20 

slT* ° 5 '.°' 25 * P/q * 5 ' and the actual values * p and " are such the molecular weight of R 2 is 
between 500 and 10.000; wherein the repeating fluorinated ether groups may be random or block repeating 

is 8. The clad optical fiber according to claim 6. wherein both X and Y are 

-CH 2 -CH 2 -0-C(0)-jCH=CH 2 ; 

*o tfntbet^^^ 

9. The clad optical fiber according to claim 6, wherein the cured material is prepared from a fluorinated diol which is 
HO(CH 2 CH 2 0) n (CF 2 CF 2 0) p (CF 2 0) q (CH 2 CH 2 0) n H 

HO(CH 2 CH 2 0) n CH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 0(CH 2 CH 2 0) n H 
H0CH 2 CF 2 O(CF 2 CF 2 0) p (CF 2 O) q CF 2 CH 2 OH. 

HO CH 2 CH(OH)CH 2 OCH 2 CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 CH 2 CH(OH)CH 2 OH. or 
{HOCH 2 CF(CF 3 )0[CF(CF 3 )CF 2 0] 2 C 2 F 4 } 2 
^ 1 0. The clad optical fiber according to claim 6. wherein the hydroxyl group-containing(meth)acrylate is 

CH 2 =CH-C(0)0-CH 2 CH20H. 
CH 2 =CH-C(0)0-CH 2 CH(CH 3 )OH, 
CH 2 =CH-C(0)0-CH 2 CH 2 CH2CH 2 OH. 
CH 2 =CH-C(0)0-CH 2 CH(CH 2 CH 3 )OH. 
CH 2 =CH-C(0)0-CH 2 CH 2 0-[C(0)(CH 2 ) 5 -0-] 2 -H. 
CH 2 =CH-C(0)0-[CH 2 CH 2 0] n -H,or 
[CH 2 =CH-C(0)0-CH2] 3 C-OH. 
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FIG. 5 
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